Background: Some studies have shown that protein-enriched diets can lead to greater weight loss and improvements in biomarkers of metabolic syndrome (MeS) than standard protein diets. Therefore, the aim of this study was to determine the effect of increased protein intake on weight loss in Mexican adults with MeS. Methods: Randomized controlled trial in 118 adults aged 47.4 ± 11.5 years and meeting the established criteria for MeS were randomized to prescribed hypocaloric diets (500 kcal less than resting metabolic rate) providing either 0.8 g/kg body weight (standard protein diet (SPD)) or 1.34 g/kg body weight (higher protein diet (HPD)) for 6 months. Body weight, waist circumference, percent body fat by bioimpedance analysis, fasting blood glucose, fasting insulin, hemoglobin A1c, total cholesterol, high-density lipoprotein (HDL) cholesterol, very-low-density lipoprotein (VLDL) cholesterol, triglycerides, C-reactive protein, creatinine, blood urea nitrogen, alanine aminotransferase, aspartate aminotransferase, and gamma-glutamyl transferase were measured at baseline, 3 months and at 6 months. Results: There were 105 subjects (51 for SPD and 54 for HPD) who completed the trial. Overall weight loss was 5.1 ± 3.6 kg in the SPD group compared to 7.0 ± 3.7 kg in the in HPD group. Both groups lost a significant percent of centimeters of waist circumference (SPD -6.5 ± 2.6 cm and HPD -8.8 ± 2.6 cm). There was no statistical difference Except for the varying weight losses the two groups did not show any further differences overall. However in the subgroup judged to be adherent more than 75% of the time with the prescribed diets, there was a significant difference in mean weight loss (SPD -5.8% vs. HPD -9.5%) after adjusting for baseline BMI. Both groups demonstrated significant decreases in waist circumference, glucose, insulin, triglycerides, and VLDL cholesterol, but there were no differences between the groups. There were no changes in blood tests for liver or renal function. Conclusions: There were no significant differences in weight loss and biomarkers of MeS when the overall group was examined, but the participants with more adherence rate in the HPD group lost significantly more weight than adherent participants in the SPD group.
Introduction
The prevalence of metabolic syndrome (MeS) is approximately 25% in the worldwide adult population [1] and 49.8% in the Mexican population [2] . MeS is defined as a cluster of metabolic disorders (central adiposity and any two of the following four factors: reduced high-density lipoprotein (HDL) cholesterol, increased triglycerides, high blood pressure, and hyperglycemia), associated with the increasing prevalence of obesity [3] . In Mexico, 25.2% of adults with MeS have a diagnosis of obesity, and this metabolic disorder is recognized as the main risk factor for MeS [4] .
Moderate weight loss contributes to reducing the risk of MeS [5] . For weight loss, numerous diet regimens are available, including, but not limited to, restricting different proportions of fats and carbohydrates as well as consuming fewer calories [6] . However, some diets do not produce significant weight loss, causing a high percentage of adults to end the diet after a short period of time and return to their original weight [7] .
There is a debate on which type of diet and what proportion of macronutrients is more effective to produce a greater weight loss [6] . Some studies have shown that a diet with a high protein content is the most effective way to result in a weight loss; however, other studies did not found any differences [8, 9] . Some of the mechanisms explaining the weight loss is that increasing the amount of dietary protein and reducing the proportion of carbohydrates promotes the oxidation of free fatty acids, increased satiety, and consequently lowers the energy intake in addition to a greater dietary thermogenesis [10] [11] [12] [13] . The amount of protein that enhances weight loss is controversial; nonetheless, diets with a higher proportion of protein and less carbohydrates have proven to be effective for weight loss in obese adults and lead to improvements of biomarkers of MeS [14] .
The group of Flechtner [15, 16] demonstrated that protein-rich meal replacements were successful as a weight loss strategy in obese adults with MeS, as they simplified food preparation and achieved greater adherence to the diet. To our knowledge, the use of protein-rich meal replacements for weight loss has not yet been investigated in Mexican adults to date. Therefore, the aim of this study was to determine the effect of increased protein intake via partial diet substitution with meal replacements on weight loss in Mexican adults with MeS. We hypothesized that adults with MeS on a hypocaloric diet with increased protein and partial meal replacements would lose more weight than those on a hypocaloric conventional diet with standard protein content.
Material and Methods

Study Design
Our study was a randomized controlled clinical trial of parallel design with a 6-month intervention in free-living generally healthy Mexican adult men and women (aged 20-60 years) with MeS. Individuals were invited to participate by posters and social network advertising. The study was conducted and data were collected at the Obesity and Metabolic Disease Research Clinics (Mexico DF. and Cuernavaca Morelos) from January to August 2014. The sample size was calculated using body weight change as the primary endpoint (-3 kg of initial body weight and assuming a variance of 4 kg between groups) and a formula that compares two means, an alpha of 0.05, and a power of 95%: n = 2 (Z α + Z β ) 2 S 2 / d 2 . Based on these calculations and assuming losses of 20% in the follow-up, we established a total baseline sample of at least 96 adults (n = 118 including losses), to allow the randomization of 59 participants per group. The study protocol was approved by the Ethics, Research, and Biosafety Committees of the Mexican National Institute of Public Health (MNIPH).
Participants
Eligibility criteria included male and female adults (20-60 years of age) with a BMI between 25 and 45 kg/m 2 and the presence of MeS. For the diagnosis of MeS, we used the classification from the International Diabetes Federation [17] , which is the one that best characterizes this syndrome in Mexicans. Thus participants were required to have central obesity, which is defined as waist circumference ≥ 90 cm in men and ≥ 80 cm in women, and two or more of the following criteria: a) triglycerides ≥ 150 mg/dl, b) HDL cholesterol) < 40 mg/dl in men and < 50 mg/dl in women, c) blood pressure ≥ 130/85 mm Hg; or d) fasting glucose ≥ 100 mg/dl. Exclusion criteria included background of bariatric surgery, treatment for addiction to smoking and/ or alcohol, drug abuse, psychiatric disorder, use of anti-obesity medication, soy allergy, women not using an appropriate birth control method or who were pregnant or lactating, and body weight gain or loss greater than 2% during the 3 months prior to the start of the study. To achieve the baseline sample of 118 adults, 150 patients were screened, and 32 were excluded because they did not meet the inclusion and exclusion criteria.
During screening, individuals interested in participating received an explanation of the study design and were given sufficient time to consider inclusion in the clinical trial and complete the form for informed consent. Written informed consent was obtained from all participants for screening measurements and just prior to baseline and study commencement for consent to participate in the trial. Confidentiality of data was maintained in accordance with the ethical standards of Good Clinical Practice and Research Development Regulations in Mexico. On the same day as consent, doctors recorded participants' medical history, nutritionists conducted and recorded anthropometry measurements (i.e., weight, height, and waist circumference), and nurses measured blood pressure and withdrew a fasting blood sample for determination of glucose, triglyceride, total cholesterol, and HDL cholesterol levels.
After the medical and anthropometric evaluations, 4 meal replacements enriched with soy protein were provided to all participants to be consumed during the following 2 days to evaluate tolerance to the high protein meal replacement. At the end of the evaluation of tolerance, no participant turned out to be intolerant to the meal replacement. Each clinic supervisor enrolled participants, and the study coordinator conducted the randomization sequencing and assigned participants to interventions. Randomization was achieved using a list of random numbers in Excel.
Diets and Intervention
After being randomly assigned to one of two groups, the control group was allocated to receive a diet regimen with a standard protein content (standard protein diet (SPD); providing 0.8 g/kg body weight/day), and the intervention group was allocated to receive a diet regimen with a higher protein content (higher protein diet (HPD); providing 1.34 g/kg body weight/day). The diet regimens had an equal amount of calories in both groups and a caloric restriction of 500 kcal less than the resting metabolic rate based on the HarrisBenedict predictive formula [18] . The composition of the diet regimen was estimated in order to ensure adequate intakes of carbohydrates and fat recommended by the US Institute of Medicine according to age and gender [19] . After randomization (week 0), participants in both groups received specific diet instructions. Each month, sample menus were provided that contained 15 different meal options (i.e., a 5-day cycle of 3 meal options and 2 snacks per day).
For the intervention group (HPD), meal replacements (as shakes) and protein bars (as snacks) made with soy protein were provided to participants monthly, along with individualized menus, which allowed for a more accurate provision of the total amount of protein consumed daily. For the control group (SPD), also monthly menus were provided that included conventional foods like chicken, fish, yogurt, cheese, beans, fruits, and vegetables in season.
Both groups received instructions for diet and exercise (e.g., walking, biking, or jogging at least 30 min/day, 5 days per week). The overall study design is shown in figure 1 .
In the HPD group, participants consumed two protein-enriched shakes each day, along with one conventional meal and two snacks to achieve a daily protein intake of 1.34 g protein/kg body weight. Used as a meal replacement, powder for the protein-enriched shakes was provided to participants each month in the two Obesity and Metabolic Disease Research Clinics, and the shakes were prepared daily at the time of consumption with 240 ml of either skimmed milk or water. The nutritional contents of the protein-enriched shake with milk comprised 189 kcal, 18.3 g protein, 1 g fat, and 27 g carbohydrates per serving. For the shakes prepared with water, the nutritional contents of the protein-enriched shake comprised 110 kcal, 10.3 g protein, 1 g fat, and 15 g carbohydrates per serving. The diet regimens were adjusted in the amount of energy and nutrients according to the choice of consuming the protein-enriched shake with water or milk. The snack bars each provided 160 kcal, 12 g protein, 6 g fat, and 17 g carbohydrates. The shakes and bars provided vitamins and minerals in the range of approximately 10-25% of the identified recommended daily value for each micronutrient. In the control group, participants ate three meals and two snacks per day following the recommended menu to achieve a daily intake of 0.8 g protein/kg body weight. For both groups, the caloric density of the diet was adjusted for the baseline metabolic rate of each participant with a reduction of 500 kcal/day from their calculated daily caloric needs. 
Measurements
The primary outcome measure was change in weight, which was measured at screening and monthly thereafter. Secondary outcome measures included changes in parameters associated with MeS (i.e., waist circumference, HDL cholesterol, triglycerides, and fasting plasma glucose). Previously trained on standard operating procedures for data collection, nutritionists compiled monthly documentation of food frequency questionnaires (FFQ) for assessing participants' total caloric intake and grams of protein consumed per day. Each month the nutritionist provided the participants with a FFQ and did a 24-hour dietary recall interview. Upon completion of the questionnaires, the nutritionist asked the participant if they had forgotten some food. If there was any omission, then it was corrected in the record. The nutritionists also conducted anthropometry measurements (body weight and waist circumference) at baseline and at 3 and 6 months using internationally recognized techniques [20] . The weight and body composition was measured using an Avis 333 Body Composition Analyzer (Tradekorea, Seoul, South Korea) under the following conditions: people should not eat or drink for at least 30 min, exercise for at least 12 h and drink alcohol for at least 48 h, and they should urinate 30 min before the test. The waist circumference was measured with a tape measure using the line between the lower costal border and the iliac crest as reference points. At baseline, height was measured with a wall-mounted stadiometer (SECA Model 222; Seca, Birmingham, UK) with an accuracy of 0.1 cm. BMI was calculated as weight (kg) / height (m 2 ).
At baseline and monthly, nurses measured participants' blood pressure with a digital sphygmomanometer (OMRON HEM-907; OMRON Healthcare Inc., Bannockburn, IL, USA) after 10 min of rest, following the recommendations of the American Heart Association [21] . At screening and at 3 and 6 months, blood samples were drawn after a 9-to 12-hour fasting period and processed as soon as it was taken from the participant. HOMA index was calculated according to the formula: fasting insulin (μU/ml) × fasting glucose (mmol/l) / 22.5. Laboratory testing included results for parameters of MeS (HDL cholesterol, triglycerides, and fasting plasma glucose), as well as insulin, glycated hemoglobin (HbA1c), C-reactive protein, direct bilirubin, indirect bilirubin, alanine aminotransferase; aspartate aminotransferase, gamma-glutamyl transferase, blood urea nitrogen, and creatinine. All analytical measurements were performed at the Nutrition Laboratory of the MNIPH.
To assess adherence to treatment, we used a questionnaire, which has been previously validated in Mexican adults with overweight or obesity [22] . Eight questions explored four recommendations: compliance with caloric prescription, compliance with macronutrient prescription (particularly protein intake), compliance to physical activity, and compliance for actions to avoid sedentarism. A 5-level Likert scale was utilized (ranging from no compliance = 0% over 25%, 50% and 75% to total compliance = 100). A participant was considered adherent to the recommendations when at least a 75% level of compliance was noted on each of the eight questions at the 6-month follow-up.
Statistical Analysis
The results are shown for the 6-month comparison to baseline measurements as means ± standard deviation for all parameters adjusted for age and sex. Only to describe the difference in weight loss between the groups, we report the difference in means and its confidence interval adjusting for baseline BMI, age, and sex. We used the analysis of variance (ANOVA) for means and chi-square test for percentage of weight loss in the comparison between the two groups over time. We analyzed the data of all participants who completed the study after 6 months. Additionally, the analysis of mean weight loss between baseline and 6 months was adjusted for adherence to study recommendations and baseline BMI. A subgroup analysis was performed only for the participants who adhered to a minimum of 75% of the study design recommendations. Statistical calculations were performed using the STATA Program Version 13 TX (StataCorp LLC, College Station, TX, USA).
Results
Before the trial, we estimated the usual protein intake in participants. Baseline protein intake was not different among participants randomly assigned to the control and intervention groups (SPD 0.9 vs. HPD 0.94 g kg/body weight; p = 0.67). In the group assigned to a protein intake of 0.8 g kg/body weight (SDP group), the protein intake was reduced by an average of 12.5%. In the group assigned to a protein intake of 1.3 g kg/body weight (HPD group), protein intake increased on average b< 38.3% when compared with the previously estimated protein intake.
Of 118 participants who were randomized, 105 (88.9%) completed the 6-month study. In the first 3 months, 3 participants were lost in the HPD group and 4 in the SPD group with cited reasons of change of residence or incompatibility between the hours of their work and follow-up assessments. Between the 4th and 6th month of the study, 2 participants dropped out in the HPD group and 4 in the SPD group. The causes of drop-out were not associated to the treatment (moving to other address = 6, new work changes in their working conditions = 7). There was no significant difference (p > 0.05) in body weight of those who dropped out the study (89.1 ± 19.1 kg) and those who completed (88.3 ± 20.2 kg) the study. The participants consuming either diet reported no side effects. The liver and renal functions measured at baseline and after 6 months were determined to be within normal ranges for both groups.
There were no statistically significant differences (p > 0.05) between groups for baseline characteristics of age, weight, height, waist circumference, systolic blood pressure, diastolic blood pressure, fasting blood glucose, insulin, triglycerides, cholesterol, HDL cholesterol ( table 1 ) .
After 6 months of intervention, the percentage of weight loss was higher in participants consuming the HPD than in those consuming the SPD (7.0% vs. 5.1%; p < 0.05) as shown in table 2 . In both groups, waist circumference was reduced over time; however, there were no statistically significant differences between groups (p > 0.05). There were also no statistically significant differences in the percentages of abdominal fat and systolic blood pressure reduction between the two groups but participants in the HPD experienced significant reduction after 6 months of follow-up. The means of weight loss, adjusted for baseline BMI, age and sex, were not statistically significant between groups (p = 0.42).
As presented in table 3 , each group demonstrated a significant decrease (p < 0.05) in fasting blood glucose, insulin, HOMA index, triglyceride, total cholesterol and VLDL cholesterol levels; however, in the comparison between groups, there were no statistically significant differences for any of these parameters (p > 0.05). For the participants who adhered to a minimum of 75% of the study design recommendations, mean weight loss between baseline and 6 months in the HPD group was -3.7 kg ( fig. 2 ) . As a percentage of their baseline weight, 15.5% more subjects in the HPD group than in the SDP group had a percentage of weight loss between 5 to 10% ( fig. 3 ). The number of participants who were judged to be adherent was 92.5% in the HPD group (n = 50) and 88.2% in the SDP group (n = 45). a All results were adjusted for age and sex. Standard-protein diet (n = 51) and high-protein diet (n = 54). b F% is based on the percentage of total fat. *Mean difference in weight was adjusted by baseline BMI, age and sex.. All results were adjusted for age and sex. *Statistically significant from baseline (p<0.05). **Statistically significant between groups (p<0.05). Standard-protein diet (n = 51) and high-protein diet (n = 54).
Fig. 2.
Percentage of weight loss average between baseline and 6 months, by adherence. With adherence = fully followed all the recommendations at least 75% of the time. Without adherence = followed the recommendations less than 75% of the time. Means adjusted by baseline BMI. There was a significant interaction (p < 0.001) noted between mean weight loss and adherence. 
Discussion
Mexico has one of the highest incidences of overweight and obesity in the world, a statistic which has become more serious in recent years and, according to the results of the Health and Nutrition National Survey 2012, comprises a combined percentage of overweight and obese adult men and women of more than 70% of the total Mexican population [23] . This prevalence of overweight and obesity is associated with an increased risk of noncommunicable diseases, such as diabetes, cardiovascular disease, and various types of cancer [24] , and poses an estimated economic burden on the healthcare system in an amount of 2.5% of the Mexico's gross domestic product [25] . Safe and effective measures to calm the obesity epidemic in Mexico are much needed. Meal replacements can improve compliance to a diet by offering a simple, convenient, and healthy alternative meal option. Meal replacements may also help to instill regular eating patterns and make meal planning easier by increasing the accuracy of calorie and portion size estimation, thus supporting dietary self-monitoring. Future studies of 1-or 2-year duration are needed to determine the long-terms effect of using proteinenriched meal replacements as part of a HPD. At present, studies have only been performed with a follow-up of 3-6 months, demonstrating that higher protein intake improves adherence to the treatment and results in less weight regain [26] .
The meal replacement formula used in this study has been supplemented with methionine and has a protein quality of 0.8 using the PDCAAS method (Dupont Nutrition and Health, Personal Communication). In some studies it has also shown that soy protein helps to lose weight without losing muscle mass [27, 28] . However, it has been described that vegetable protein has less potential than animal protein to preserve muscle mass [29] .
To our knowledge, this is the first study conducted in Mexico that investigated the impact of partial diet replacement with protein-enriched meal in individuals with MeS, although similar studies in overweight and obese adults had been conducted in other countries. A single-blind randomized, prospective, controlled trial conducted at the University of California, Los Angeles, CA, enrolled 100 overweight and obese participants in order to examine the effects of two different levels of dietary protein on weight loss over a period of 12 weeks [30] . At the completion of the study (85 completers), both groups lost weight, and overall weight loss was the same in both groups, as would be expected when comparing isocaloric diets; however, the participants consuming more dietary protein/day (HPD group) lost more fat than the people consuming standard amounts of protein, and also maintained the same amount of lean body mass. As mentioned, in a study conducted in Germany at the University Obesity Center of the Department of Medicine at the University of Ulm, Flechtner-Mors et al. [16] enrolled 110 people with MeS and randomly assigned them to either a protein-rich group, consuming 30% of total daily calories from protein (providing approximately 1.34 g protein/kg body weight/day), or a conventional diet group, consuming a standard amount of protein which corresponded to approximately 15% of total daily calories from protein (providing approximately 0.8 g/kg body weight/day). At 3 and at 12 months, the participants in the protein-rich group lost significantly more body weight and body fat than those in the standard protein group. This study demonstrated that more weight and fat loss over 1 year can be achieved in participants with MeS when using protein-enriched meal replacements within a controlled diet instead of standard protein intake [16] . An increased intake of protein has been reported to have a greater satiety effect than intake of carbohydrates and so can help control hunger between meals [13] . Increased protein intake also helps to maintain lean body mass when combined with physical activity [28] . The recently completed DIOGENES study in Europe demonstrated that a high protein and low glycemic index diet maintained weight losses for 6 months after an 8-week weight loss regimen, while other combinations of high or low protein and low glycemic index diets led to weight regain [31] .
The present study was conducted to determine the effect of consuming a HPD, facilitated by the use of protein-rich meal replacements, in adults with MeS in Mexico. The levels of dietary protein designed to be consumed by the two groups were equivalent to those provided by Flechtner-Mors et al. [16] , although the participants in our study additionally were given advice on physical exercise in an effort to aid in weight loss and physical activity was monitored throughout the study. Unlike the data of Flechtner-Mors et al. [16] , in the present study both diets resulted in a comparable amount of weight loss at 3 and 6 months. Although we did not found any significant differences in absolute weight loss between groups, there were differences in the means of weight loss adjusted for baseline BMI; it also should be noted that, when participants with an adherence rate to study protocol of >75% were analyzed, adherent subjects in the HPD group lost significantly more weight than adherent subjects in the SPD group (i.e., average of -9.5 vs. -5.8% weight loss after adjusting for baseline BMI). Moreover, more subjects in the HPD group lost >5% of their baseline body weight. This is of clinical significance as in terms of overall health status it is well recognized that losses of >5% body weight are associated with clinical benefits with regard to metabolic diseases such as diabetes, hypertension, and cardiovascular disorders.
Although this study had the limitation that we did not measure the clinical biomarker traditionally used to assess the intake of protein (urine nitrogen), the 24-hour dietary recall applied repeatedly can be used as an approximate measurement of the protein intake in the diet [32] . However, we recognize that the lack of a biomarker does not allow us to fully attribute the difference in weight to different protein intake. A limitation of the current study is that, although we used a validated questionnaire to measure adherence to practice physical activity, this instrument did not directly measure energy expenditure. In our view, the questionnaire identified those who followed the recommendations and justified the analysis conducted.
In 2010, the European Food Safety Authority (EFSA) issued an opinion on the substantiation of health claims related to meal replacements for weight control and reduction in body weight in which they concluded that 'a cause and effect relationship has been established between the consumption of meal replacements in substitution of regular meals' and weight loss and weight management [33] . EFSA's opinion was based on two meta-analyses of numerous controlled intervention studies in overweight and obese participants that utilized commercial meal replacement products containing up to 250 kcal/serving for periods of 3-51 months. The agency recognized that greater weight loss was achieved in the meal replacement groups when compared to groups consuming conventional diets, and compliance was better for participants utilizing the meal replacements. In our study, it is not possible to conclude that the differences in percentage of weight loss between the groups were due to the use of meal replacements or to the protein content of the diet because the control group did not receive meal replacements. The control group was only instructed to follow a diet providing the same number of calories as prescribed to the intervention group, but with less protein content. One possible explanation for the effect described by the EFSA may be that the use of meal replacements improved compliance to the HPD as they simplified the diet [34] . In addition, there are some mechanisms that could support an additional role of a higher protein intake on weight loss such as increased satiety which could have lowered calorie intake as shown in previous studies [35] .
The use of 1-2 meal replacements/day in the intervention group of the US National Institutes of Health LOOK Ahead study of weight management in overweight and obese individuals with type 2 diabetes mellitus was reported to be one of the factors of success in the intervention program and a strong correlate of weight loss at 1 year, along with physical activity and attendance at treatment sessions in which participants would present ongoing records of food intake [36] . The more meal replacements were consistently
